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5.1 INTRQDUCTION_ :-

“In the previous chapters, the effect of various
féctors on the scattering cross section, was observed. Inspite
of the best efforts made by various authors to explain the
ancmalies in the scattering cross section, the larger cross
section of some of the Pglar mole?ules namelg Hy0, BS, D0
could not be accounted satisfactorily. To explain the
larger cross section, Turner (1986) made the major break
through in the problem. He suggested that, the ineident electron
might be capbured temporarily by the molecule, which means that
there is a possibility of the formation of temporary negative

ions. Tt was thought to be, due to the rotational motion of the
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molecules This type of phenomena is knhown as the resonance effect.
Temporary negative ions may contribute in the diffuslon cross
section. The study of life time of the negative ion and the

capture cross section is therefore essentigl. In this chapter an

attempt is made to study this phencmena.

Before we discuss resonances in molecules and
molecular ions, that is states in which an electron is temporarily
retained by a molecular system, we eshall make a brief review of |
the work done. Such a resonance is not a true bound that is
stationary state but is a temPorary state, capable of décaying
by eléctron emission. In collision processes the formation of a
resonance from the target and projetile can be observed. It
generally leads to a severe distortion of the projectile wave

function. This will be the case orovided the life time T of

the resonance is long compared with the time the projectile

takes to traverse the target.

Resonance in atoms have been reviewed by
Burke (1955) and Smith (1966) and resonance in molecule is
reviewed by Bardsley and Mandl (1968). In molscules a whole
wealth of new features arise owing to the motion of the neclei.
Tn particular there can be an exchange of energy be tween
slectronic and neclear motion which shows up in elastic

scattering and in inelagtic processes such as vibrational and
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rotational execitation. The comparative long life time of s

resonance will lead to severe distortion of the nuclear motion
and greatly enhanced inelastic cross sectionss. Another new feature -
results from the possibility of the molecular resonance complex
dissociating and this process will occur in competition with the

reemission of the electron.

The basic physical property of molecule is the
large ratio of nuclear to electronic masses. This legds to

nuclear velocities being very slow compared +ith electronic

: g . . obbenheimey .
velocitieg. This 1g the basis of the Born apereximzxtion separation

of electronic and nuclear motions. 4 modification of this approach
also leads to a wave equation for the nuclear motion in an
electronic resonant state. This equation allows for the deecay of
resonance in yhich the nuclei move, and in the case of electron
scattering for the formation of the resonancqb through electron

capture by the target.

5.2 Types of resonance in molecules :=

W .- - W TR an W S

For a resonance to oeccur there must be some

mechanlism for binding the electron temporarily to the target.

We can clasify resonances according to the means by whieh the

projectile is trapped.

1+ $8hape resonances .

- - - - KD W D

f
The simplest trapping mechanism is a potential
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barrier. Let us suppose that the inecldent particle experiences a
region of attractive potential surrounded by a region of repulsive
potentigl. If the particle enters the region of attractive potentiagl
its ezcape will be hindered by the potentisl barrier surrounding it
Resonance which are supported by potential barriers will be called

shape rescohances.

In the simplest shape resonance the electronic motion

of the target 1s effected little by the presence of the incident
particle. In this case the dominated terms of the wave equation

are the terms containing ground electronic state.

There are other shaPe resonances in which the wave
function is dominated by the terms corresponding to an excited
electron target state. In these the incident electron excites a
target state whose energy is less than the resonant energy. The
extra electron has sufficient energy to escare from the target
leaving it in the field of the excited targelt contains a barrier

than its escape will be hindered and the electron will become

temporarily bound to the target.

The characteristic of shape resonances ig that the

wave functions are dominated by the open channel componants. In
this the important terms are those corresponding to target states

with energies less than the resonant energye.

- =0 " " TS . 8 Vo -~ - - -

2+ Blectron excited Feshbach resonasncesi-
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Feshbach resonances occur when the incident electron
looses energy in exciting the target and finds itself with insuffi-
cient energy to escape, while the target remaing in its excited

state. Before the electron can be emitted it must reabsorhbed

energy from the target.

Tne simplest situation ywould be that the incident
electron excites only a single electronic target state for which
the vibrational levels lie above the resonant energy. In the more
general case several electronlc states of the target may be
important but for a Feshbach resonance it must be closed - channel

componants which predominatese.

, The faet that the oben channel componants are small
means that the resénagce is narrow. Thus Feshbach resonances are
nearly alvyays narrow although for large nuclear separations some
becomes broad. The wave functions for narrow Feshbach resonances
can be aprroximated by the removal of the open channel compomants

which turns them in to bound states.

Feshbach resonances in molecules can be divided in to
two types, depending on whether the kinetic energy of the incident

electron is absorbed in to the electronic or nuclear motion.

Se Nuclear excited Feshbach resonances i=-

O A M W M DU NS W M b B S S SR SN AP R W W TES W MR SN A S MG W e W e

Thege are the Feshbach resonrances in which the

kinetic energy of the incident electron is absrobed solely in to
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the nuclear motion of the target. Thé collision does not involve

excitation of the electronic motlon in the target.

The previous two types of resonance can be dlgcussed
within the Born Opperheimer separation of nuclear and electronic
motions In this thirq type tﬁe resonances are formed by an inter
change of energy between these two modes, and thus the exlstance
of the resonance is a consequence of the breakdown of the Born
Opperheimer approximation. Thus inclusion of the mnuclear motion
is essential to the definition of these resonances. If the nuclei
were kept fixed the resonancés would become stable against electron

emission.

The resonance of this type which have received most
attentibn from both theoreticians and experimenters are the
vibrationally exeited Rydberg states with high primeiple quantum

numberse

Nuelear excited Feshbach resonance have been observed
in low energy electron molecule scattering and also in the loniza-
~tion of molecules by electron and photom iﬁpact. In this type of
resonance in loy energy electron molecule scattering, first low
ensrgy electron collides with a molscule and is traPped Hlrfs
through the vibrational excitation of the moleculee Secondly the
excess vibrational energf is lost in a collision with another

molecule and the negative lon is stabilized.
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{a) Bydbg{gngtates of neutral molecules :-

Assoéiéted with every electronic state of molecular
positive ions is a series of states of the neutral molecule
formed by additing to the ion an electron in a hydrogenic orbital
with high prineciple qﬁantum number. The higher members of these
Rydberg series have very small electron affinities and the energy
of many of their qxcited vibrational states will be sbove the
energy of the lowest vibrational level of the corresvonding ion.
Thus thege states will leads to many resonances wiich may be |
observed in low energy electron ion collisions or in the ionization
of neutral molecules just above thresold. The éxistance of these
'resohances was used by Beutler and Junger (1938) in the determina-

-tion of the ionizatlon totential of hydrogen.

Excited rotational levels of Rydberg states may also
be unstable against electron emission and so leads to resonancese.
However these rescnances will only be obssrved in those mambers
of the Rydberg series for which the energy required to detach an
electron is less than ( or of the same order as) the rotational
spacing « For the case of hydrogen this means that the outer most
electron must move in an orbit with prineiple quantum number of

the order of 30 or more. It will be very difficult to observe these
rescnances in ionization experiments because of the very small

probability for excitation of these levels. However it has been
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shown by stabler (1983) that in thermal collisions of electrons
with molecular rositive ilons the cross section for the formation

of these resonances should be as high as 10713 or 10“14 em? *

Both rotétioﬁally excited and vibrationally
excited resonan&‘states have been examined as possible intermediate
states in dissociative recombinstion. In thermal electron collision
with molecular ioné these resonances will be formed and they will
have 1life times varying from 10-12 to 10.5 second. If the Bydberg
state can be stabilized against electron emission then recombination
~will take place. Stabler found that this stabilization could not be
achieved by further collisions or by the emlssion of radiation but
Bardsley (1983) Has suggested that predissociation may occur
sufficientlyx rapidly for these states to be significant in thé
recombination. However for predissociation to cccur before electron
emission it is nscesgsary that the formation of the resonance shoulé

have involved vibrational execitation.

(b) Iarge molecules :-

- -

h Y
The resohances formed by vibrationally excited

levels of stabie electronic states are of particular interest in
large polyatomic molecules. Tn these energy wnlch is tramsferred
from the incident electron is distributed among the many vibrational
modes of the moleculee 8 considerable time may then elapse before

the excess energy is concentrated again in one mode so that it can
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be given back to the extra electrond Thus these resonances will
have extremely long life times; in the order of microseconds.
() Folar molecnles i-

We haverébserved in the preceeding chapters that
there has been controyersy in the eause of the high momentum
transfer cross sectiom observed in thermal collision of electrons
with polar molecules. The cross sections were claculated using
Born approximation by Altshuler (1987) and all the observed cross
sections were found to exceed the prediction of the theory. A séudy
of this has been made earlier. Turher (19668) has pointed out that
most of the dis;repancies could be caused by the induced polariza-

~tion of the moleculses.

Turner suggested that high cross sections for
these cases could be attributed to the formation of temborary
negative ions. He assumed that the interaction between the elec§ron
and the polar molecules could lead to bound state with a very small
electron affinity. The e%nited rotational or vibrational levels
of the state could then act as resonsnces in the electron molecule

scattering.

The validity of this proposal clearly depends on

the existance of weakly bound states of the @lectron molecule



211

system. Many authors have examined the spectrum of electrons moving
in the field of a dipole. They found that if the dipole moment
excoeds critical value of 0+84 a.ue there are an infinite numbers

of bound states.

Contrarary to the conclusion of several authors
this fact does not mean that nuclear excited resonance can exist
for molecule whose dipole moment is small. For molecule the small
dipole moment there will not be an infinite number of bound electro-
-nic states of the nsgative ion, but the combination of the short
range électrostatic interaction and the long range dipole field

may be sufficient to support a single bound state. (Crawford,1987).

53 Negative ions i-

- . .

Free electrons are cé?tured to molecules in the
gas phase in essentially two different ways, dissociatively and
non-dissociativelys. When alectrons are cavtured via a dissoclative
process ( AX + e %A + X ), collisional stabilization is not
required to produce a stable negative ion and the guantity of the
importance is the capture cross section 0, as a function of energy,

¢ « In the case of non-digsobiative attachment, electron can
attach to molecules temporarily ( AX + e zﬁ;ax*) or permanently

-k -
(AX + ¢ = 4X —s AX )+ If the non-digssociative electron attachment

process remains an isolated event the negative ion will auto -
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ionize; Stabilization of the excited negative ion can occur through
collisions or radiation. Thus in the case of non-dissociative

electron attachment the cross section for attachment, the life ,
time for autoionization as well as the stabilization cross section

are imvorisnt.

H

Electron carture has been studied by both Swarm
and Beam metiods. The Swarm data are usually compared by plotting
the attachment co-efficient o« , or the probability of attachment
per collision h, Vs E/P or Vs the mean energy of agltation. Most
of the early work on electron capture achieved by the Swarm method

is complicated because of unkhown electron energy distribution. The

Beam data on the other hand are usually given as negative ion

yields, I { € ), in a relative units Vs the electron energy, ¢

Recent improvement of tne Beam method and its combination with the
Swarm experiment allowed determination of capture cross section as

a function of electron energy.

In general, large capture cross sectlon and long
life times can be visualized in two manners. (i) weak transitions
from the inktial state of the neutral molecule directly to a
large number of final states of the ion, and (ii) the transition
from the neutral molecnle to the negative lon is strongly allowed

but the excess energy 1s distributed among the barious internal

-
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degrees Bf freedome Under assumption (i) large crosé sections
results bécause of the large number of final states and long life
times are accounted for by the weak coupling between the initial
and any of the final states. Under the assumptions (il) large cross
sections result from the large transition probability and the long
life times are due to the time required for the system to return

to a configuration which will lead to autodetachment.

In case of polaf molecules a temPborary capture
of the electron by the target molecules is suggested by Turner
(1988) this gives rise to an enhancemsnt of the total scattering
eross seétion- Trhe possibility of a bound state of an electron in
the field of a dipole has been investigated by Wallis et al (1980)4 -
With numerical calculation they have concluded that there is a

0" Besueom.

bound state for a dipole moment larger than 2414 X 1
Turner and Fox (19686) have calculated by variational method the
bound state of the electron in the dipole fleld for dipole moment
0«6 ea, o 0On the other hand it is shown experimentally that the
momentum transfer cross section for electron seattering by some
polar molecules, such as H,6 , D0, HS are appreciably large
and do not agree with the resulss in usual theory. Considering

these facts Turner has estimated the effect of the electrbn

capture on the scattering cross section.

-
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According to Turnerds model a passing electron
can exert a torqﬁe on the molecular dipole and might excite the
molecule to higher rotational state. The electron might lose
enough energy to form a bound state in the field of the dipole.

If this state has a finite life time, the deca& in to molecule and
slectron oceurls promptly ahd this process contributes to the

I

scattering cross sectione.

Turner calculated the capture rate and the life
time of tﬁe capture state. He showed that the life time is
combparable to the period of rotation of molecule-‘Y.Itikawa (1267)
considered the capture process and the decay Process in an unified
ménner- He applied the second order perturbation'theor§ in which
the capture state is to be regarded as an intermediate state, has

g finite life time.

In the Turner’s calculations it was found that
the representation for the energy of the electron was approximate .
Further though the wave function for the bound state has minimum
dipole moment 2-4(ea , whichfwas quite good, it was thought of
trying new wave function for this positive energy represepta%ion
for which also Ltmin was found equal to Turnerts value. It is

observed that the effect of these modifications is to inerease

the 1ife time and to decrease the capture cross-section. Again






215

the potentigl used in twe caleulations was of Point dipole model
and there sesms to be no work on tpg capture eross section for the
finite dipole model. These points are discussed in the present
chapter. The calculations are exactly in the same line as that

of Turner (1866).

5.4 Resonance for point dipole i-

g s s GRS SR A S S R R W R G WO S G TR A A T S a5 e

(1) General formulas.

P e e T T R

Tn flgol molecﬁle is ropresentndkas a rigid
dipole with charges = Q separated by a distance 2a. We choose
the cantre of the éipole as the origin of a set of axis X Y 2
vhich are fixedlin space and which we shall call #he laboratory
éyétema'The pélar and azimutﬁal angleé of the dipole relative to
XY 2 are dénoted by ( f, & , ¢ )+ We shall also employ polar

and azimuthal angles (@ , @ ) of the electron relative to the

dipoles The total Hamiltonian of the system is
=H, (6, ) +H (r,8, )
, N ‘
wnere Hy (6, ¢ = - B*®@/21 is the Hamiltonian of a rigid
rotator repfesentiﬂg the polar molecules wifh moment of intertia Ie

® represents the total angular momentum of the dipole. The

units of ® is h « @ depends on ¢ 8, ) coordinatese Hy(r 8§ ¢ )

%
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is the Hamiltonian of the electron in the field of the dipole.

Lo Rl g
H = - hd -9 bl e e se s e .
51 o e . Qe 5e1
1 I‘2

Total Hamiltonlan H, have eigen function ¢ » The eigen function

was thought to be equal to the product of fhe eigen function

h qJ ( r,@,4’) of He and angular momentum eigen function

Yoy ¢ 8¢ ). The eigen function (r, §:Q~) was caleulated for

fixed dipole coordinates. Further it was assumed that these

functions are related adigbetically as suggested by Born and

Oppenheimer (1927) . Turther more the Hamiltonign Hy, representing
the rotation of the molecule can bte considered as a perturbation
vhich cuuples the motion of the molecule and the electron. This

was suggested first by Massey (1933) «

Consider an electron swarm moving through a gas
consisting of YN identieal randomly oriented polar molecules per
unit volume. If initially an electron is in a positive energy

eigen state Cgcnormalizeﬁ to unit volume and the molecule is in an

angular momentum eigen sta§e-yLiMi s then the transition probability

I
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for capture of the electron to state %; with simulteneous

excitation of the molecule to a rotational state yy ,, 1is given
‘ °f

given bj W= 27

}Tfi ‘2 ¥ og (%)

It is assumed that the electron swarm is
éharaéteriaed by an energy distribution efor which f(E)dB représents
the pfobability of finding an eleétron with energy betyeen B and
BE + gB. Tt is understcod that the energy B to be used in equation

542 1g the particular value of the elnctron‘kinetic energy for

which energy is conserved in the transition ¢ y e
LM 2 LoM,

Transitions to a definite final state thus select electrons from
the swarm in a narrow energy interval dE, the breadth of which

is determined by the life time of the final state.

The capture cross section is defined in terms of

the average spsed v, of the eleectron is O, = W/V,N

:_ N
2T \frf | £ @ ceee 543
W, 1
w .
it %= [(28/0)"2 tm) @ veer Bea
and \ i f CE) = % ~~~~~~~~ El/z e-E/KT 2o e 5.5
JT (k T)3/2

" Here K = Boltzman constante.
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Thé quéntity 0. 1s measured experimental;y proéided the negative
ions formed by ecapture are stabilized before they have a chance
~of decay, i.e. provided the life time of the ion is long compared
with the time.needéd for trarsfer of the exéitation energy to
énothér mpleéule by collision. When the ions are stabilized the

expression £+3  should be multiplied by a pressure factor

5

o/ {p +.P'), wheré p is the éés pressure and p' is the critical
pressuré, at yhich thé life time of~nega%ive ions is equal to
the‘time needed for trausfer of the excitation energy. The estimate
below show that stgble ions are not formed, hence we make No use
of pressure factor.

§

For the estimation of life time of the negative

jon it is necessary to calculate the matrix element » Tfiu for

the decay between two states G}y, y A0d Y. ¥ y , the life time
Tt i1

o ' V - 2
T is givenby T = aygv\wf‘i\ A0/@E  veeeer eeeee 5o

1

where an/dE represents the density of the final states. The

value of dn/dB for free electron and neutral moleecule is given by

2 .
K°/ 2T hY «hY is the magnitude of the momentum of the electron

P

. 4 '
~and hence T= Th /m (2 BEnm )1/2 \Tf ! creees 57
: ) i
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$3i) Wave functions and evaluation of transition matrix:-

- W A W e W e S W e R ey e e W M M R G W e M G G e G e W A N o

(I) TInitial states:- -

- W -

To caleulate the transition Probability for
electron capture explicitly, we next determine the wave function

involvede. For the initial and final rotational eigen states of

s we choose the normalized spherical

the molecule, ¥y and y
ThMy Lele ‘

£
harmonics as defined by Bethe and Salpeter (1957).

For the electronic wave function we assumed that
the wavelength of an electron.in a swarm at therma; energies 1is
long compared with the extensiondza of the molecular dipole and
that in the trapped’state the electron is only loosely bound‘ovér
a volume with dimensions large compared to 2a. We then approximate
the interaction of the electron with fthe molecule by the interactior

of the electron with & point dipoleo Bxpanding the potential

energy part of H, in terms of Legendre polynomials involving the

¥

.

orientation 0 of the position of the electron with respect to
the dipole axis and keeping only the lowest order term, we obtaln

from equation 5.1

Hw={- (K/m )9 - (De/r® Cosd . = B &

L B I A 5.8

where D = 2aQ is the dipole moment of the molecule and Ec is the

electron energy in the cabturedstate ( E,4L 0 ). In terms of the
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i

initiagl kinetic energy B Bf the electron gnd the rotational

excitation energy AE of the molecdle, the conservation df energy

reguires thatA B is equal to E - Ec

We regard the initial slectron state as consisting

of the sum of Plane wave eiKz, with the wave number X = (2 HE )1/2
B 2]
* inecident along the positive Z axls in the laboratory system and

ikr,

an outgoing spherical wave f Cch) e_"™ ' of relatively small

r
amplitude that represents elastic scattering from the dipole with

a fixed orientation (6 ¢) in space.

G (p) = i ¢ ¢ (8,¢) gf‘f{r 549
T
. ] ’. ‘.“—: '
where £ (6 @) = - m [eiKner gty (r?y g7 5410
2 |

Turpér calculated the amplitude factor considering
Born épproximation. ’In chapter IV the effect of variation method
toﬁécattering amplitudé was made. It was observed that in some of
the cases variaticnal aprroach gave better results than Born
aPPéoximation. Hence in the present gtudy the wvariational
émplitude‘factor is used in ﬁlace of Born smplitudes Using‘
variational method of L.Mower (1955) exactly as it is used in

Chapter IV the expression for f (lg & ) can be put up as

£(8,¢) = 21Ddenm [1«* T, (6)] cee 511
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To write equation 5.11 explicitly in terms of
(A% ) gnda (6, ¢ ) , we form the scalar prodvet &f X with the’

unit vector D along the dipole axis in the direction from the

_origin to the charge + Q

. , / . .
K.D = KY:: &K + PK + YK ses e 5'12
X N 2 . .

Here K Ky Kz are the componants of K in the laboratory system
X ;

and « @ and Y are the direction cosine of D 1in this system.
s

i

£ = 8Sin A Cosw
P = ginA Sinv
v

[ IR 5‘13
= Cosdt o

The initial momentum K, of the electron ig directed along the

pogitive Z axis and so,

L

K, K_-K = - KSinf Cos¢
oX X

¥ - .- ‘1= - - Y So N
Ky Koy Ky | K8in@ Sing 514

L
L

K koz - K, K (1-Cos ¢ )

As indicated in fig.I K = 2k sin 1/2 @ and so we write in place

of equation 5.11

£(8#) = 1iDem -4Sin Cosg - RSind §ing TY(1-Cosh
2W K sin26/s |
X {1 ~Dem -4{8in B Cosd =P Sing Sind *+ ¥(1-Cos b .
2 me e e eeses s sssasssaas s cc s SRS SR
2 h 8in 84
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This expression combined with 5.9 gives the initial state slectron

wave funetion. Note that the f depends on the coordinates of %the

dipole.in the laboratory system through « B, ¥ and equation 5.13

(IT) Bound state wave function :-

N R N e W o e T v TS e e e T S A VR e O

For the final bound state Turner choosed a function
for the electron which is a sum of 8 and P stuates referred to angles
{ 5}4;) of the electrons positioé relative to the dipole axis. He
analyséd this wave function and found that smallest value of D for
which pound ;tate exist i? 2.4¢ ea e It must be mentiongd that the
flexibility of his wave function was very great. later on he
anal§sed the béund state problem by variation method and found that

the pinimum value of D = 0.9 ea_« It was thought ( Desai et al 1974)

Q

whether any other distribution function can be tried, and if so

what results are expected from 1t. Thus an attempt 1s made %o

consider
= N + s e s »
Cp = oo ( C¥oq Gy ¥yp ) 5+16
1+ p2p2
vhere N = usual normalization factor p = parameter = Z/a0

Normalization is earried out in the usual manner requiring that

\ci |« Lci | = 1. This r distribution function is known

‘as Cauchy's distribution function. Using thig function the values '

-
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for Cy and C; were found and it came out %to be same as Turner’s
valuee. Next the caleulations are made for the minimum dipole

moment on the same line as Turner, accordingly let

luad= Jry+ Lv)
ds derdved in detail in appendix I the value of

< H >f>ee;omes

Now considering the value of p = Z/ac;, the value of { H D turns
out to be exactly similar to Turneris value as

. - 2 2
<H> Z['E-- 'fl*éci)-4becc

o}
2a 1

Then follosing the Turner the minimum value of the dipole moment
( D), vhich can give the bound state can stralght forward
calenlated by setting LR > =0, solving for D, and then

again setting 3D_ = 0, gave the value of Cy = l/\/_G- The
26, -

value of Dpyp 2 2448 X 10718 esu. These values are naturally

same as Turner. Finally we express the angular varlables in the

trial function &.16 in terms of the coordinates (MY ) and (§ ¢ )
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of the dipole and the eslectron in the laboratory system with

- JN V2 r ’ |
Yoo= 1V (aT) ’ Cd = |5/8 and Cl = 1/\[5, we obtain

from the additional theorem for spherical Harmonies

U= 2 {4 2 1 g [ {’§"f1/2 \
1/2 %
oa < oo Y. *+ ¥y v o 5417
3 0 1% “10 Y11 Yll,

The function y depends on (4, ) and Yon (§ ¢).

The exactly similar behaviour of the wave

function _._l.__., suggests that this function may be used in

place of Turneris wave function e~Zr/ao; harmlessly to the
problem. MoIeover in the final results it is observed that choice

of this particular function gave better results then e ZIyao .

To study the behaviour of resonance with:differenﬁ aspects, the

three modifications in Turneris work are applied, namely

(1) In place of Born approximation scattering amplitude,
the variational amplitude is used.

(1) In the final bound state the modified wave function of
the form 1/ 1+ p%r2 15 used.

(iii) Above mentioned two modifications are made simultaneouslys
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Effects of these modifications in transition
probability and hence to the life time of temporarily formed
negative ion and capture cross section, are discussed in the

next section.

5¢5 Byaluation of the matrix element for transition probability:=-

The matrix element in 5.2 can now be written

with the help of equation 5.9 and 5+17 in the form

T h . 2
Te, - 3T <q’& szf | ® \ Yoy 3 D
- R -.3/2
- “ﬂ—: {Z‘.-t Vi -l (s/amr)¥2 o
© P 1+ 8 r
. -1/2 *
%J‘[ X C * L *
{, 3 % o0 YOO Y10 Y10 Yll Yli ) yIfo X
Cf’ 1KZ iKr
e + f (9 ‘P ) e '] ¥y 3
_____ L d r d_n_ seee
r iMi 518

in which afL= a (Cos 4 ) ay and £ (§ ¢ ) is understood to

depend on /M and V through the relationship 5.15 and 513« The

molecular rotational states yp y, and ¥yo y are orthogonal and
£f 144

hence equation 5.18 can be written as the sum of three integrals
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A 3/
T, = - == {32 [:I +
£ Ife {;_E 1 I 13:]

o NE
s 5‘19
with
T = 1/2 . * ' i 3
[ A v x e oy S
1+Fr £ 5 r 1
an (5.20)
I = 4.17" e 1 (v Y. _+ g ¥ )
o { 417 I + gk
3 i f 1+ p°r? 00 ~oo 0 710 11 Yy
¥ ! iK% .
Ypu X O ey, . ar an (5.21)
£f ii
I = { T 1/2 1 (v* " * *
3 - L1 U SRR B SR S - y Y + oy Y +
3 % 1 + pep2 . 0 °° 10 "10 11 ¥y
yiy X ® ¢ (84) T 3
Mo , o Vi d°r dn (5.22)

The evaluation of these integrals is stralght
forward but very lengthy. Moreover 1t was observed that for low
energy ranges Ié —3 0. The three corrections stated in the last

sectioﬁ, gave three qiffersnt form of Tfi .

First of all an attempt is made to calculate

trangition probability consdgring the amplitude cofrection only.
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Tt is observed that variational amplitude togebther with wave
‘ . -%r/a.

funetion for finagl bound state as e 0 4 gave Tfi as

(1)

1/2
%-?-.e...n} AN Sfcl) ) + ( 31m) (SCS) _ é_?_?..ﬁl AS(§> )
3 h*> i 1 3 B A
csecns(5e23)
, (1 ( (3) ’
where Scl) ,As%) AN 1), S8 3 are defined as
3 £5 £y £y

(1) ' ]
o R B (L ,
g = L et [{cni M ) s.Lf’ Lo+ + By il\:{i>SLf,Li_1]

(1) _ . (L+q) g .
Asfi Lf f IfLi’ S Mf}di evs e '0(5025)

{3) _ | - (; (;
Sfi. = {Li (L - 1) YY -CLfo) 7L(L1Mi) +. € (I’fo) N ‘C'LiMi _5]}{

Pl T a1 e (3 r 1 (e | Y MMO (L)

%1

£

¢ (L M) (I:M)] S ' |
id J £f 1’f"31’Li+1jSMfMi { 5e26)
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-

) _ ., P _ )

1/5 [‘Li (L, + 1) -4 1]{{ (LM )6 |

» + P(LM)S Y
+ I.
o Lt 1 19 £y 1}

¢ | | ;
S o/s { Ty (e D)+ 02} Y @) v

C(L M ;
[\ £ f)g (LiMi)SL

: - €(LM) PULM)S. .+ _+
f'}' 1’I.li + 2 £r ) i1 Lf+1’ Lj_
S'(LM)U'(LM')S + $ (L M) (L]
. M, )8 :
£ r 3 AL A P Mty 11 Lf-l,Li]
Sy+
fe¥ 1, My (5027)

where

(T, ) =P(L+1, 1= [CL + 30+ 1) q:_:_»_a_f_})];f
(gL + 1) (2L + 3 )
- - ' 1
Y (L, M) = M (L+ 1, =M+ 1) =(CL-M+1) CL-M’*Z)]’-
' (gL +1 ) (gL +3)
’ ' ‘ \
P, M)y =0 (L+1, W= |(L+M cL-M+2>]?~
(oL + 1) (2L + 3 )
(L, M) =

G 41, -n- 1) = [ Trurp Erura))s
L L +
(L +1) (2 3) (5.22)

Then the attempt was made to.see the correction due to wave
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= , )
2
function of the form 1/ 1 *+ D2 to point dipole potential, it

is observed that in thls case the transition probabllity becomes

Tf =3iDen (aO/Z)U2{(57T)1/2Sf(1) +/ 3T S(i)

i "7ty

(5.29)

-—— -

bon iy e et |
{e mi(»t}+etEi(t)+i e-t}
2

Here By (t) ang Ei(nt) are the exponential integrals, t = K/p

R “
p = Z/a0 which leads to the value of t = ( om B )1/2 k

- .o
- -

+ m e2zA

considering this value of t Ei (-t), By (%), et, ot were

calculated.
Finally simulteneous application of both the

mbdificatigns were also studied which®zave the trangition probabi-

~lity of the form

- ' 1/2 \ ‘
e, T idem {‘5 m) [Sf(l? - 2Demn pgfl) ] } *
IK(épn . i P SET|
1/2 (: (3) ‘ |
{-3'n ( s - (3) ] } {.
2.0 £ 24Dem Ag t -
2} i 33 £ e Ei ( -t ) +
et 5 o) + 1 -t
i -é__ e ® % e 9 se v 089 (5030)

} (5431)
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“

Congidering an experiment at room temperature

transition probability f£or some of the molecules were calculated, '

for all the three modifications. By using these Tfi’ as dlscussed

in section 5.4 the life time for temporary negative ionjand
capture cross sectlon were calculated. The values éf dipole
moment and moment of intertla for the molecuies under study are
tabulated)in table 1. Further table 2, 3 and 4 represents the
comparisioﬁ of transition probabil?ty, life time, and_capéure
cross sectlon for all the molecules, for L =23l =3 sfates
together with Turner?s resﬁlts.'lt was further observed from the
table that éll these three modifications gave higher value of -
life time énd lower vélue of eross section than Turneris Qalu;q .

e

The dependence of these guantities on ¢ D/I)2 remains as it is.

L=

'For the calculations of life time and capture

eross section Turner took the value of D = 2 X 10-}8€Su and

I= 10.40gm.cm2 « These values are roughly comparable with -

He then tried to compare the life time with the rotational period
of the state = 3, vhich is equal to 1.8 X 10713 seconas™ By
this oﬁservation'he econcluded that in the swarm .experiment

be attached
electron in swarm cany by means of the rotational exeitation of

_14

water molecule. He caleulated T = 1.3 X 10'13seconas,fﬁ_=2u4vX 10
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tne poiér molecules- The attachment is posslble for the time less
than or comparable to the rotatlondl period of the molecule- The
‘ioﬁs do not live long enough, however tobecome stabilized and
their décay returns electrons to the swarmg By considering the
exact vaiue of dipole moment and moment of intertia for waéer
moleculeg, the life time for negative 1ons by Turneris formula ls

A\
found 6%55 X 10~ -15 seconds. Applying variation method to the -

scattering amplitude and by using. this amplitude factor in place

of Born amplitude, the calculations carried out fgr T gave the
value as 84139 X 10"15 seconds - The wavz functioﬁ gotrection gave
th° valve of T as 1-2 X 107 ~14 and simulténeous appllcatlon of _
both this modifications gave the value of life time as 1.5 x 107 4
Modifications does increases the life time, but for water molecule
it remaiﬁs less tgan the‘rotational period of the state L £ 3.
Which means that,?ﬁrner’s conclusion is correct for tgis particular
molecule. It was further observed that Turner?s conclusion ig
correct for ?he molecules having small moment of infertia. Fof\

the molecules like 002, HCHN, CH301 CH cN {CH ) 0 having large

moment of inertia, the life time was found to higher than the
rotation time of the state L = 3+ For example in the case of
CC& molecule life time according to Turnerts caleulations turns

210 -
out to be 3.07 X 10710 geconds. While the modification in =
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amplitude and wave function for final bound state gave 186 X 10‘9

secondss Hence for the molecules having large moment of inertla

can attached the electron for longer time, which favours the

existence of long lived negative ions. The increasing life time

was found to reduces the capture cross section.

i

3.6 Rasomance fov finite dipole -

In the ea?lier éection discussions were made on
the asé@ption of a point diﬁ;qle, however it is well known that
this presents lot of énpgglieéo It was found that finite dipole
gave the potential resonance in momentum transfer cross section
stﬁdies~ whether the extension of the finite dipole model does
give more information in the caplfure cross sec%ion or not ? with
thig idea a study is made of this model to the resouance scattering

phenomensg »

The scattering amplitude for the finite dipole
potential is derived in chapter IV. The expression for this is

given by

£(0,) =3 (Sii?..g-?. - Cos Ka) (5.32)

on expanding SinKa, CosKa in terms of Xa the expression for

£ ¢ 9/d9) for finite divole is obtained as
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PO = 1y (6,%) * £ (6P )

whare fl (6P) = 21iDen v'x a?
10 K>
here a = 1/2 ( Dipole length)

Substituting the values of fy (6, +), v/ and X.we get the value

of £ (B, & ) as,

f (9,‘43 )= iDem (- £3inf Cosdp - ﬁsinG 8ine +¥(1~Cos § -)l

- o W e Am e em cas M W W R e e Sm S ua g W W W S gt P e S e M e e B e

e .- ———— -

P 1 1/2 .
£ iDem /a vi[go [(57) + L 1/2K2 2} (1)
SR ie - a g +
TK Je (‘9’) [ { { I f1
1/2 1/2 *
{C 3T ) 4+ Oegq (37T ) Ki' aa} S(S) evee £5433)
.Li {

To observe the effect of the wave functien 1/1'*923?2 in the

final bound state, the calculations were carried out exactly as

giscussed in the last section, here it was observed that <H>

turns out to be




= g2, n2 .
5 a0 [;( 1T e 02)] - 4% egqo, c
S —-———-—--;-——-—.J_
VE)
15 log (1% ¥ a?) _ 1 } a2
“"é"‘"“"'f: ----------------
2pa 2p (1+p234) 2(1 + p2,2)

Tl (/g - tan™t P/an)]‘
2P . .

.The detail of this calculations are given in aprendix II.
e = Normalization constatn = o ;}3' :
~ : £ B (3/2, 1/2 )
. . . / .
or { H) = A6t+1+80§) - YCG .
o1

™" = ‘ = 2 _‘V‘
where t 1, A e aop2

4
= e - ‘
Y %_-_-?-g- log (1 + pzag) 1
2 3 | =°7C a7t = cgTTTTooToo- -
P g2 P7 (14p2 @)
_a2 4 e/ (77/2 - tan"l p/a):)
1"'132 32
For 4__5{{“ = 0 |

= 2
c0 \/E_TC—:; it was observed that

R - st hleats 1V

*
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The minimum value of the energy in Rydberg was calculsated as

LEY 10 = 6k -1/2 lgakd+V? )12

which gave the minimum value of dirole moment as =

D > ea ﬁ%/z = 4'921(10-188511»01&;
This value is definitely higher than Turner?s vélueJ_ié e a .
. '4" o
This puts a serious restriction on the choice of the dipole
momants f?r the calculation of tha capture cross éection. In
that respeset it must be ;dmitted that Turner’s wa;e funetion
is surerior. Still however we thought of célculating the values

just for the comparision with the same study of point dipole.
Finaglly the caleulations were carried out for

To  for the modified wave function to finite dipole potential
£y |

whiehr lead %o

+ {(3"17’)1/2-:»0.4 <(31T)]/~2K2821j (3). X
) O

i - & s e m .. (5.34)

The comparision of transition probability

capture cross sechtion and life time for both this correction
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are exhibited in table 5, 6 and 7. The effect of finite dipole
calculation was found to decresase the 1life time snd to inerease

the capture cross section.

The second order time dependent ééytﬁrbation
theory. in vhich a temporary capture state is to be regarded as.an
intermediate oﬁe, was applied by Y.Itikdwa (1987). They accounted
for momentum transfer cross . section. The macnitude of the cross
section however was comParable with the direct scattering by the
ustial caleulation. In the Born aprroximation further correcting

\

trhe wave function as

K exp /{v-z Cr/ao)t} [coy (00186& )+ 0¥ (10185 )]

Turner and Fox ( 1988) showed that this funetion can be useful
for a dipole moment as small as 185 X 10'18esu.cm- Whigh also
leads to the momentum transfer cross section comparsble to the

A ) ‘ ) t
direct scattering by the usual Born aprtroximation calculations.

From the equation 5.34 for transition probability
for the finite gdipole it is observed that transition prcbaﬁility
éonsists of two terms D/I and D° /I yith other multiplying
positive constantg. Sinéé DIZ %re all the dependent variables
exlst together it ié very diffiéult to say that a Phenqmina

1
similar to potential resonance is possible or not. The inter -

1
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pretation becomes more difficult for the modified wave function.

‘

Further from the, tables 5, 6 and 7 it can be observed that for
a finite dlpole amplitude life time of temporary necative ions

decreases. Ihis means that finite dipole favours the short live

negative ion formation to the first arrroximation.

o>
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e W B - - W WSy WS S Sy T oy S B T W T DS Wm R S Mw R G TR AT am e S S8 e

- —-———— - - > S %o e A oy e s o SNy o S W P e S G e e et G G e ek S TR g Pee wm W S S ame WY R M W W e e

* (
Yoe Molecule ?ipole moment HMoment of { p/I )2 X
in Debye intertia
‘ X 10-% 10%4
107% em o
1 H20 1.85 1.223 0.9255
3 HCH 2493 1393 T 0402325
4 cq 0.13 85469 , 0.7509 X 107°
5 NH8 ' 146 44518 0.1021
§  Cig 1.88 63.117 3.876 X 1074
7 CHéCN 398 91 .22 0.0011335
3 (CH,) 0 1.30 . 23447 2,424 X 1074

9 v HCL : 1.03 2.71 0.1444

. o N T T
P el Bl Rt Rt Bt It R i S P Rl Tl el Sl e » = - » » . . - - - . -

* Values of moment of inertia are taken from the w electronle

sPectra of polyatomic molecules® by Herzberg publishad by

Vannostrand, London (1966),
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1 2
HO
£2 2
2 H8
2
3 HCN
c
4 Cb
5 N
8 05501
7 CH
SCN
fcﬁé)go
aQ -
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Resonance for point dipole potentisl.

- g - - o 0 v . e A W MY e e A gt A B mm e M e

- O By e S e e .

. ——— D .- - g - e Wa = N mm G T mm e w e e ———

Square of tramsition
Tfl X 10748
Tﬁrner’s VariatiOHal
amplitude
correction
Only .
3 4
0.+8330 06664
0.08032 0.06425
0.0g1888 . 0.,01725

6+757X10"C 5,486 X

10~6
0.09408 0.07524
7.987 X §.390 X
1074 - 1074
1.696 X 1.357 X
. 10-'3 10™3
274 X 24193 X
1074 1074,
- - s A Ve A L

Wave

funection

correc-
tion

0.0435
0.011883

3466 1079
0.05094

5449 X
10™4

94185 X

10™4

1.485 X
1074

n.nle9

L P,

- Ly A e Um e ey o W A WD W i S M M e T g e M M ST P e A o e S mm

Symulteneous
correction of
amplitude and
wave function
botho /

0.009349

2.929 X100
0.04077
4.353 X 1074

7350 X 1074

1.133 X 1074

0.0563 L



HCN

GO

NH.
m201
CHégN
CCHé)zo

HCl

- - - = m— e W o g

g
=
(o]
Qs
}j
jasd
t
)
<
[]
n
b
i
¥
(i

e L g e g e g e e e,

0.08551
0.6794
2531
3074 40
0-5861
88¢28

32.13

10100.0

07251

3539
40«22
2439

05243

14500.6
1.071
100.2
59.40
36746

07752

time for temporary negative ions

B . T T 0 g TS e T T e e e dam W e e W e N e T e e S M NS T b W TR WA S M G b M e W Mee e aAe T e e e e e e e T e

- e — —~
™ .- . o -

0.1511
1.568

5839
18630;6
1.339
12542

74423
4594

0.2637
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1

y . -
% Capture cross section ¥ 10 _14 i
bl Tl Tl "‘-“.‘5 L e Tl T Sl e R TR TR S P it Tl Sl S A T Bl i Sl
1
1 2 I 3 4 5- @
D .
1 H2 0 Ce5554 0.4402 03008 O.2278
2 st 0.05358 0.04204 O.25883 X 0.02195
. 10-
3 HCN 0401437 0.01139  7.73 X 50339 X 1079
1073
4 GO, 44508 X - 3572 X | 2.439X 1.846 X 10°°
10-6 1076 10~6
5 NHS 0.0813 004353 0.03317 0.02511
6 . CHGL . 5326 X 44219 X 2332 X 24133 X 1074
10 10 1074
7 CHGN 0.0 3986 8 4
. CHy: ~ 0.001131 043986 X 6.12 X 4834 X 10
10"3 10"4:
8 fCEé)ao 1.455 X 1.153 X 7.374 X 54951 X 1079
' 1074 1079 1075
9 HC1 0.03864 0.0337 0.0469 0.0355
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Resonance for the finite dirole potential.

Sk e . A A e W e o g o - oy W oe W o M e e W b G g

N M o S e e i W e N Gl A WA e e e MR W N e e S S e A e g

- W - - -

I- [ Bl Tud IT‘
I g f
e S T S
No. Mplecule Turneris
1 - 2 3
1 Hgo 03330
2 Hs 0.03032
3 HON 0.02156
4 co, 6.757 X 1076
5 NHa 0.094086
6  CHGL 7.937 X 10“4
7 CHON 1.9 X 1073
(1 -4
o HE1 0.1299

PR R I R el B

-

Pinite aipole
amplitude
correction,

0.030483
0.02197

6757 X 1076

0.0é44g

- 2.052 X 10f4
1756 X 1073
2.750 X 107%

0.1302

— - - ek e &Y wm e e mm L em e L wm  ew e e e
e "

Symalteneous

correction of
amplitude and
wave function

- — . . e e e e ma o aw e e e e e em ey
B - e e —
B Badl Tt Bl T . . . .

0.04356

0.01190
3.657 X 1078

0.05114

4.353 X 10724

9.502 X 10~ %

1483 X 1072

- - e L wm g we e g e e mm  wm  we  ee  oee o e o e e e e
*r T e T e ™= » . . - . » . » » - - - . . 1] L] * - -
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Compari
]
i
-y -y ™ - "Q"-i
1 2
1 H 0
2
i
2 23
3 HCHN
4 1030
2
NH
S 3
8 cH
301
CI
7 {301\1
g H
3 (CHy) b
9 HC1

A . e W . RS et MR M e S G A e e A T W W mm R M e e e e G W M0 W e e A R e W b W e W e W e

Life time

t T u X 10-13

- e e e e e e me L oae e wm s e me  mm L mm L me e e = e e e e -
. . .

05778

6774

31.09

1935

1.253
44590
14946.0

1.083
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~ 14
Capture cross section X 10 Tap2,

1 2 3 4 5
1 Hgo 0+5554 0.5597 0.3031
2" st 0.05356 . 0.05363 0.+02905
3 HCN  0.01437 - 0.01457 0.007368
4 co 4.506 X 10°€ . 08 0 | -8
5 NH3 . 0.05130 ' 0.08153 043333 ¥ 10”
6 CHCL  s5.326 X 1074 5.369 X 10 % 2.908 X 1074
7 CHCN  0.001130 04001171 6.339 X 1074
3 (0H),0 1.455 X107 1.460 X 207%  7.398 x 1070

9 HC1l 0.03686 0.03a132 - 0404702
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N G e s e W mm R W e S am oy

W " n G A TN A M e R RE kR mek e TE W Ve Ak R m W b ek O RO m A e e

= N {co Yoo (8,80 +o x, (8 &)Y

For normalization we must evalua‘ce

X ;
fcf"‘-l‘eh' ¢ T
substituting the values we get
2 2
I = n ¢
--------- Y 2
(1 + p2 r2)“ { ° oo+ Clylo} ¥" dr 8in @ 48 44
o
= ¥ [r2gr {@ + -
....... 2 C Y 4
00 o C OO 0
(1+p2,2)8 t
3 i
o2 Y ’] Singds ae
for G% * C?_ = 1, we have
o°
I.= N2, r2 gr B
........ = 3/2 1/2)
(1% p2r2)2 ‘-B ?
[}
{ B= Beta function Berp, r)= 'IT (—E' )
( P+ T
} N2 = 9 p3

B(a/2, 1/2)

14



. 8 l \’
N = { = }l
B(3/2,1/2)
Now <H> = <T> + ZV)
Ty = /C?f'l‘cw a T

- N e oo S &
= . C.Y (86 o) +c (8 @ )
/1+p22{0 00 " - 1 %0 -
N - L
X {- h/em 1/7% s?_ (% 23 ) - 'hz/zm 2 .LE}
r T ' ‘

XN1+22{ - t‘—\.-
/1 +p4p Co Yoo (0 %) * 0y (84

r® ar §ind 40 4o

where ? - 1/ sin® _%_ (ging

-2 D 2
L U
gin 29
e know that L2 Y = 0 gnd 1° Y = _;,’2 Y
v v ' 00 10 10

performing elementary integration we get

T) = 2 2 + 2
£ e-?_?f._ (1+40]) |
3 2 '
Now JVUY= =W [fco Yoo ¥ Cq ¥q0. Do Cosd
IR A S 5o
(1+9p2r2) d

- Ty T s on W e B e

o :
0 "1 710 Tarsin®do d<
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perofrming integration

== . 7 2
<V> élDeCOclp /\/—é
4H> = 923 +
02 (1TAC) o uvec, g pR
2 0 e ——————
/3
“putting p = Z/ao

. 0
2a0 ~~~~~~~~~~~

- 42 '
<H> . [?%-_(1'*40?_)-41)90 01]

vhich gives the final wyave funection as

% = 2/\/_6— fZ/ao%/zg/‘/}; 1/ 1+ p2 2

1/2 Ve - : _
x ((?“) * (%JI Cy* v o+ v¥ oY o+ u* vy ) |
4n 3 00 Too 10 10 yll 11 J
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APPENDIX TII

- By . R

o D . KR e W A N . TR e e G e s ma e e M e S e W m e S om e

Finite dipole potential can be expressed as

i

= K '
V= -2egq Z 3%;-1 PK(GOSQ)

Kz add > .
Nowin /@) = {t) + L W),  as caleulated above
{20

. 2 ‘

#

i
jAv}

: 2 i
considering Cj + C% = 1, and in the finite dipole

potential expression K = 1 we get

on perpfrming elementary integration we ge?t

. 2 “ |
= - ¥ 2 2
v 4% e g0 ¢y il g (1t T oA
""""""" ST 2 p? 2
E
_____ 1 - L%+
2p (1 + p2 2) 2(1 + p2 2%
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Ay

= l(g+1x3c2y .
£ ") (t+1%3¢0C5) v ¢, ¢,
where t =, 1 $ /l(. = 92 ao 92 and
T2
= ‘ 2
Vealen [ 00w
23 p? a%

e /ALY <0, o < [1-
2 C o 1

2 2 -
Cl= 1z + g leaM+V )

For the minimum value of < H'D we get

2 1/2
< H > = gM -1/2 (ggh + V) , which gives
AT
‘ /
VD2 A \/20

Further substituting M we get

D > V15 e a, = 4.92 X 10718 eslieCilie



